To study the natural course of subclinical diabetic polyneuropathy, we followed up 30 diabetic patients for 12 months. Neurophysiological tests included psychophysical testing and pupillometry (reflecting small nerve fibre function), nerve conduction examination (reflecting large nerve fibre function), and single fibre electromyography (reflecting neuromuscular junction transmission function).
To evaluate nerve dysfunction related to fibre type and to compare the results of autonomic, motor end plate, sensory, and motor nerve function tests in a well defined group of 60 insulin dependent diabetic patients without symptoms of polyneuropathy, we performed H reflex of the soleus muscle, single fibre electromyography of the anterior tibial muscle, and pupillometry in addition to the established methods for the quantification of peripheral nerve dysfunction.7
To study the natural course of subclinical diabetic polyneuropathy, we followed up 30 diabetic patients for 12 months. Neurophysiological tests included psychophysical testing and pupillometry (reflecting small nerve fibre function), nerve conduction examination (reflecting large nerve fibre function), and single fibre electromyography (reflecting neuromuscular junction transmission function).
Subjects and methods

PATIENT SELECTION
Sixty patients, (37 men) with type I (insulin dependent) diabetes mellitus participated in this study. The mean (SD) age was 47 (12) years, range 20-71 years; the known duration of illness was 24 (10) years, range 4-50 years, and mean glycosylated haemoglobin Al(HbA,) was 9 3 (2A4)%. To study progress of polyneuropathy, 30 of these patients (22 men) were selected at random (mean age 47 (11) Before each neurophysiological examination the patients underwent a physical examination and laboratory data (haematological and biochemical data, blood glucose profile, and ECG) were collected to ensure that the patient's condition had not changed. All examinations were done by the same investigator.
ANALYSIS
Twenty three variables were used for the statistical analyses (see table 4 ). For perception threshold we used vibration threshold (VT), heat discrimination threshold (HT), and cold discrimination threshold (CT); for motor ulnar and tibial nerve, distal motor latency (DML) (distance of distal stimulation to the active recording electrode, 8 cm for both the right ulnar and left tibial nerve), amplitude of the compound muscle action potential from distal stimulation (AMP), ratio of amplitude of compound muscle action potential from proximal and distal sites (AR), and motor nerve conduction velocity (MNCV); for sensory ulnar and sural nerve, sensory nerve conduction velocity (SNCV); (distance of distal stimulation to the active electrode, approximately 14 cm for both the right ulnar and left Subclinical diabetic polyneuropathy: early detection of involvement ofdifferent nerve fibre "ypes The psychophysical examinations (WT, HT, CT) were used as selection criteria, yielding an overall abnormality of 100%, and were therefore not included in the analyses. However, the thermal threshold was selectively impaired in some patients, suggesting that small fibres are more prone to damage in diabetic neuropathy. Static and dynamic pupillometry, which are also considered as tests to determine the function of small nerve fibres, were often abnormal as well. The nerve conduction studies did not follow a definite pattern of involvement. Clustering of tests with unobtainable responses or tests with pronounced abnormalities were not found. For example, only four of the 30 patients in whom a suralis response could not be elicited had an unrecordable H reflex. Generally, the H-M interval of the Hoffnann reflex was most likely to be affected and the ulnar nerve distal motor latency was the least likely to be affected. Nerve conduction abnormalities were most pronounced in motor nerves of the leg, (Tib MNCV), followed, in order of severity, by sensory nerves of the leg (sural SNCV), sensory nerves of the arm (ulnar SNCV), and motor nerves of the arm (ulnar MNCV). It thus seems that the thin myelinated and unmyelinated autonomic nerves were most often affected, followed by the fibres conducting the H reflex.
Spearman's rank correlation coefficients between variables are presented in table 3. In general, the different conduction systems were poorly correlated. However, the correlations between the conduction function of the relatively short nerves in the arms with those of the longer nerves in the legs were moderate (0-61-0-71), suggesting that there was still no difference related to nerve length at this stage of polyneuropathy. Comparison of the amplitudes of the proximal and distal ulnar compound muscle action potential showed a decrease in amplitude of 1 1% (table 4: amplitude ratio (AR) 0-89 (±0'14) ). However, a relatively high correlation was found between distal amplitude and of nervi conduction velocity ( In an attempt to examine all fibre types selectively, pupillometry, H reflex of the soleus muscle, and single fibre EMG were performed in addition to the methods most commonly used. In our patients the pupil diameter in relation to the iris diameter (PD%) and the latency of constriction of the pupil to light were often abnormal. These findings indicate impairment of the reflex arcs involving small myelinated and unmyelinated parasympathetic nerves to the eye and sympathetic nerves to the iris. ' In longitudinal studies, the reproducibility of the tests is of major importance. However, before interpreting neurophysiological data on serial determinations and drawing conclusions about examination variation, two associated problems should be addressed. The first problem is the lack of knowledge about the natural progress of diabetic polyneuropathy. In the present study, where all nerve fibre types were selectively examined, the results of the longitudinal clinical neurophysiological tests did not change throughout the examination period. No support was found for the concept of a progression of neuropathic damage, or from small fibre dysfunction initially to loss of function in large fibres later on.
The second problem focuses on the observation that measurements of nerve function should be objective, sensitive, specific, and reproducible and therefore useful in a follow up evaluation of diabetic neuropathy. In this study the psychophysical tests showed considerable variation at follow up examination: on repeated testing, patients with borderline normal perception thresholds could become abnormal, and vice versa. High examination variations for vibratory perception thresholds and thermal discrimination thresholds have been reported previously.3 This variability may be partly due to fluctuations in room temperature and in the patient's attention. Of the nerve conduction measurements, motor and sensory nerve conduction velocities and distal motor latencies were the most reproducible, with only 1-1% to 4 1% variation; amplitude had the lowest reproducibility (4-9% to 7-7% variation). Although the nerve function of the legs seemed to show a greater magnitude of abnormality, in the longitudinal assessment the variation was greater than that of tests assessing the function of the arm nerves and seemed inversely proportional to the length of the tested nerve. Main sources of this variation might be the error in latency readings and distance measurements.27 It may be because of the relatively short length of the tested nerve segment that the H reflex (H-M interval) showed considerable interexamination stability.
One of our objectives in this study was to assess which combination of clinical neurophysiological tests could be used for evaluating the diagnosis reliably and for the early detection of diabetic neuropathy. Reliability of the neurophysiological evaluation depends on the sensitivity and the selectivity of the tests to assess the function of different types of nerve fibre. The present data show the necessity of extensive clinical neurophysiological testing rather than the standard techniques to detect selective nerve fibre involvement in patients with a subclinical form of diabetic neuropathy. Because nerves are not affected to the same extent, even in the early stage of illness, we suggest the use of a combination of methods to examine all nerve fibres selectively, not restricting the examination to thick myelinated nerve fibres.
The choice of tests and their diagnostic use for detecting and monitoring nerve dysfunction is a matter of discussion as the results of each test and their reproducibility reflect an interaction between test sensitivity and biological expression. In this study the H reflex of the soleus seemed to be a sensitive and reproducible test. Other sensitive and reproducible tests were pupillometry and motor or sensory conduction velocity in tibial and sural nerves. These three tests were not correlated and thus provided information on different nerve systems. The nerve conduction function tests in nerves of the arms and the legs were highly correlated. Evaluation of motor and sensory nerve conduction function can therefore, be restricted to the most sensitive test.
The diagnostic yield and also the discomfort to the patient are important factors to consider when choosing a method. SFEMG (reflecting motor end plate function) may therefore not be useful for routine examination. Furthermore, SFEMG of tibial anterior muscle was highly correlated with motor nerve conduction velocity of the tibial nerve. We suggest that a combination of tests reflecting function of small nerve fibres as well as of thick and fast conducting myelinated nerves should be used for early and selective detection of diabetic polyneuropathy.
